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Introduction
In RAN1#86 Meeting [1], it was agreed that:
At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Other mechanisms are not precluded

In RAN1 #86bis Meeting [2], it was agreed that:
NR should support dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL 

In RAN1 #87 Meeting [3], it was further agreed that:
 For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC
 scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic

In this contribution, we provide our views on dynamic resource sharing between URLLC and eMBB data in the DL and UL when the transmissions from URLLC overlap with resources of an ongoing/scheduled longer transmission for both FDD and TDD. Scheduling-based eMBB/URLLC multiplexing is discussed in a companion contribution [4].
Dynamic FDD eMBB/URLLC Multiplexing
In order to support small payload and bursty data transmissions for URLLC with minimum incurred scheduling delay prior to the begin of their actual transmissions, multiple scheduling opportunities per DL transmission interval must be used. For the example of NR subframes of duration 0.5 ms with 15 kHz numerology, typically 2 or 3 such scheduling opportunities per subframe are needed.
URLLC transmissions do not benefit from the resource allocation flexibility in terms of frequency-domain or subband scheduling provided by LTE. In fact, even URLLC packets of payload several hundred octets will not occupy a significant portion of transmissions bandwidth. Furthermore, frequent channel state feedback will not necessarily be available as is the case for eMBB UEs. In addition, the sporadic nature of transmissions from/to URLLC devices will have as consequence that only very few URLLC devices will need to be scheduled in any given NR subframe.
We therefore think that scheduling for URLLC devices is best supported by means of pre-configuring time/frequency resources for URLLC devices similar to LTE SPS configurations. These pre-configured or “allowed” time/frequency resources will then be dynamically scheduled by the gNB (DL) or used autonomously by the URLLC UEs (UL). Each time/frequency resources (for simplicity called Radio Resource Allocation Region or RRAR) could be configured to contain control information, data or a combination of control information and data for URLLC scheduling. 
In the DL example in Figure 1, there are 4 RRARs configured for URLLC devices in TTIs #n and #n+3. UE 1 receives eMBB data transmissions in each of TTIs #n, #n+1, #n+2, #n+3 and #n+4. In TTI #n+1, despite the configured presence of 4 RRAR, no transmissions to other (URLLC) devices in any of these took place. In TTI #n+3, the gNB schedules a “last moment” transmission for a URLLC UE using RRAR2 and transmits the URLLC data in the corresponding radio resources, i.e. by means of puncturing into the ongoing eMBB data transmission for eMBB UE1 in that TTI.
There are at least two possibilities of how to deal with the punctured transmission resources. In the first possibility, the eMBB UE1 detects the actual URLLC transmission on one of the multiple scheduling opportunities in TTI #n+3, possibly aided by control signaling received during the transmission. In the second possibility, the eMBB UE1 receives DL control signaling in the subsequently received TTI #n+4 which in addition to the scheduling parameters for the current TTI #n+4 also indicates that the previous transmission received in TTI #n+3 was punctured by another transmission in RRAR2. Given that the number of configured possible URLLC time/frequency allocation regions is known and there are only few, these can be indexed. Signaling using index values for the pre-configured and well-identified RRARs therefore also allows to use fast and robust DCI-based L1 signaling. In the example in Figure 1, only 2 bits would be required to signal the actual use of the URLLC resources in TTI #n+3. The eMBB UE1 can then set the received and decoded soft channels bits for the time/frequency resource elements associated with RRAR2 corresponding to the TB / HARQ process received in TTI #n+3 to zero to avoid buffer corruption during HARQ combining for that HARQ process.
Decoding performance for the eMBB UE1 is impacted only in that the available Eb/N0 for the eMBB transmission is decreased by as much energy required to transmit RRAR2, but no additional penalty is incurred. Similarly, since no semi-static resources were set aside for possible transmissions from/to other devices in the configured RRARs, no system penalty in terms of spectral efficiency is incurred. All available radio resources can be used while preserving full flexibility to schedule delay-sensitive data “last moment” when needed even though other longer-delay transmissions may be concurrently ongoing.


[bookmark: _Ref471401864]Figure 1: Dynamic scheduling of eMBB and URLLC (DL)
For some types of URLLC applications involving larger payloads, more flexibility may be required for the allocation of resources. To the eMBB UE, the URLLC signal on the punctured resources act as interference, which could dramatically degrade the performance as shown in [5]. In this scenario each RRAR could consist of only control information that indicates resources at an arbitrary location within the resources of the eMBB transmission. The eMBB UE may then need to monitor control information within the set of RRAR’s to identify affected symbols or code blocks. This type of solution is illustrated in Figure 2. As for the URLLC UE, it needs to know when URLLC data is transmitted. Therefore, the gNB needs to inform the URLLC UE of the incoming URLLC data transmission in a timely fashion. This can be done by transmiting URLLC control information in additional RRARs in eMBB resources known to the URLLC UE if there is URLLC data insertion. An RRAR may point to an arbitrary block of resources for URLLC puncturing. 
A similar signalling approach can be used when the URLLC signal is superposed on the eMBB signal on a subset of the resources allocated to eMBB except that the RRARs will now indicate additional information such as power ratio in order to enable the URLLC UE and the eMBB UE to process the data based on the superposition assumptions for the overlapping resources. The superposition could be accomplished by simply adding the two signals (i.e., at power level), or superposition modulation (i.e., at symbol level), or superposition coding (i.e., at codeword level). Superposition may potentially provide better performance than the pre-emption scheme [6].
Proposal 1: Pre-configured SPS-like time/frequency resources for URLLC DL and UL transmissions are supported in NR.
Proposal 2: URLLC DL transmissions puncture eMBB transmissions with signaling per scheduling opportunity to indicate which pre-configured time/frequency resources puncture an ongoing longer eMBB transmission.



[bookmark: _Ref466049623]Figure 2. Dynamic scheduling of eMBB and URLLC supporting larger URLLC payload (DL)
In the UL example in Figure 3, UL parts of TTIs #n+1 and #n+4 are configured for UE autonomous transmissions, one for each URLLC UE 1-4. In the UL portion of TTI #n+1, UEs 1 and 3 have data to transmit, so their transmissions take place in their designated RRARs while UEs 2 and 4 do not transmit. In TTI #n+4, URLLC UEs 1, 3 and 4 have data to transmit, so URLLC UEs 1, 3 and 4 transmit URLLC data in their corresponding RRARs while RRAR 2 is unused.
The gNB can use blind detection on the RS or data symbols in a RRAR region for the configured and known possible transmission instances of URLLC devices.



[bookmark: _Ref466041081]Figure 3: UE-autonomous transmissions for URLLC (UL)
Proposal 3: URLLC UL transmissions are supported through gNB-side blind detection for URLLC UE transmission activity on pre-configured time/frequency resources.

Dynamic TDD eMBB/URLLC multiplexing
TDD is an important operation mode for the eMBB use case. During the transmission of eMBB traffic, URLLC traffic may arrive. If the URLLC traffic is sporadic, an efficient way to achieve high spectral efficiency while minimizing the latency is preemptive transmission of URLLC traffic over eMBB transmission. The challenge is that the TDD imposes a strong constraint on the latency that is achievable if the TDD duplexing structure is strictly followed. This is shown in Figure 4. URLLC traffic arrives at the gNB for service. However, the current time slot (Slot 2) is designated as Uplink (UL). The next Downlink (DL) time slot is Slot 4. If the gNB starts transmitting URLLC traffic in Slot 4, the delay T1 will be more than 1 time slot, which may not satisfy the latency requirement for URLLC. 
Alternatively, the gNB may preemptively switch the duplexing direction to accommodate the URLLC traffic at the expense of disrupting the scheduled eMBB transmission in a controlled fashion. Specifically, the gNB may change the duplexing direction of Slot 2 from UL to DL, transmit the URLLC traffic in the DL and change back. This is shown in the lower part of Figure 1. The latency T2 is clearly much lower than T1. 



[bookmark: _Ref470728806][bookmark: _Toc470732845]Figure 4 The latency with conventional TDD T1 and preemptive uplink switching T2.
  
Proposal 4: Consider dynamically chaning the duplex direction for the TDD operation mode to reduce URLLC traffic latency when URLLC traffic is multiplexed with eMBB traffic. 

To optimize the system performance, we need to consider the impact of preemptively switching the duplex direction. If the gNB operates in the half-duplex mode, the preemptive switching will cause UL transmissions to fail. The gNB may send NACKs for the failed UL eMBB transmissions, and reschedule the UL eMBB transmissions. It is also possible that there are UL URLLC transmissions. In this case the gNB shall compare the QoS classes of the DL URLLC transmissions with those of the UL URLLC transmissions, and perform the preemptive duplex direction switching (that is, from UL to DL) only if the former have higher priority than the latter.
Alternatively, the gNB may reserve some RRARs in a UL time slot to be exclusively used by URLLC UEs. When the gNB preemptively switches from UL to DL, it avoids these reserved RRARs. This is shown in Figure 5. It is noted that the delay T2’ may be larger than T2 in Figure 4 where RRARs are not reserved. 


[bookmark: _Ref471404109]Figure 5 The gNB avoids the reserved UL RRARs when pre-emptively switching from UL to DL.
The UE needs to be ready for DL URLLC transmission from the gNB when the gNB does preemptive TDD duplex direction switching without getting a control signal from the control channel that indicates the upcoming DL URLLC transmission. In the conventional TDD mode, a UE in a UL time slot does not monitor the DL control region. To support preemptive duplex direction switching, a UE that is not transmitting should be in the DL listening mode. 

Proposal 5: Consider mechanisms for minimizing the impact on UL transmissions resulting from dynamically chaning the duplex direction in the TDD operation mode when DL URLLC traffic is multiplexed with DL eMBB traffic.
 
Summary
This contribution discussed 
We think that scheduling for URLLC devices is supported best by means of pre-configuration of time/frequency resources for the URLLC devices similar to LTE SPS configurations. These pre-configured or allowed time/frequency resources will then be dynamically scheduled by the gNB for DL transmissions or will be used autonomously by the URLLC UEs in their UL transmissions.
Proposal 1: Pre-configured SPS-like time/frequency resources for URLLC DL and UL transmissions are supported in NR.
Proposal 2: URLLC DL transmissions puncture eMBB transmissions with signaling per scheduling opportunity to indicate which pre-configured time/frequency resources puncture an ongoing longer eMBB transmission.
Proposal 3: URLLC UL transmissions are supported through gNB-side blind detection for URLLC UE transmission activity on pre-configured time/frequency resources.
Proposal 4: Consider dynamically chaning the duplex direction for the TDD operation mode to reduce URLLC traffic latency when URLLC traffic is multiplexed with eMBB traffic. 
Proposal 5: Consider mechanisms for minimizing the impact on UL transmissions resulting from dynamically changing the duplex direction in the TDD operation mode when DL URLLC traffic is multiplexed with DL eMBB traffic.
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